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13.  ABSTRACT 


Research  pinpoints  techniques  that  promise  improvement  in  aircraft  hf  communication  system  design. 
Approaches  discussed. include: 

1 .  Adaptive  hf  antenna  array  including  antijam 

2.  .Miniature  passive  and  active  antenna  elements 

3.  Adaptive  phase  equalization/predetection  combining 

4.  Polarization  diversity 

5.  Mode  averaging  diversity  combiner 

6.  Antenna  mathematical  modeling  techniques 

Two  techniques  show  promise  for  diversity  reception  improvement  -  Villard  mode  averaging  and 
predetection/phase  equalization  combining. 

Improved  aircraft  antenna  systems  are  the  key  to  improved  aircraft  communications.  Mathematical 
modeling  shows  promise  for  designing  aircraft  antennas.  Hf  adaptive  antennas  may  be  feasible  for  both 
beam  and  null  steering. 
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PROBLEM 


To  improve  hf  aircraft  communications  on  the  platform  without  signi¬ 
ficantly  increasing  weight,  size,  and  power. 


RESULTS 

The  research  reported  here  has  pinpointed  techniques  that  promise  to 
overcome  some  of  the  problems  in  aircraft  hf  communication  system  design. 
The  approaches  that  are  discussed  are: 

•  Adaptive  hf  antenna  array,  including  antijam 

•  Miniature  passive  and  active  antenna  elements 

•  Adaptive  phase  equalization/predetection  combining 

•  Polarization  diversity 

•  Mode-averaging  diversity  combiner 

•  Antenna  mathematical  modeling  techniques 

CONCLUSIONS 

1 .  The  Villard  mode-averaging  technique  shows  promise  for  divers¬ 
ity  reception  improvement. 

2.  The  predetection/phase  equalization  combining  technique  also 
shows  promise  for  diversity  reception  improvement. 

3.  Improved  aircraft  antenna  sy  stems  are  the  key  to  providing  im¬ 
proved  aircraft  communications. 

4.  Mathematical  modeling  shows  promise  for  designing  aircraft 
antennas. 

5.  Hf  adaptive  antennas  on  aircraft  may  be  feasible  for  both  beam 
and  null  steering. 
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1.0  INTRODUCTION 


The  purpose  of  this  task  is  to  provide  studies  and  design  recommenda¬ 
tions  relating  to  improvements  in  hf  communications  for  Naval  patrol  aircraft 
over  ranges  to  2000  miles.  This  requirement  presents  severe  design  problems 
to  the  communications  and  antenna  system  designers  because  of  the  vagaries 
of  hf  propagation  and  the  difficulty  of  providing  an  adequate  communication 
system  design  in  the  limited  space  on  aircraft.  One  of  the  fundamental  com¬ 
munications  problems  on  the  aircraft  is  to  determine  (in  real  time)  the  best 
frequency  to  transmit  on.  This  is  both  a  circuit  management  problem  and  an 
aircraft  communication  system  design  problem.  This  report  considers  both  of 
these  aspects  of  the  problem  in  relation  to  the  design  of  patrol  aircraft  com¬ 
munications  and  control  systems. 


2.0  PROPAGATION  FACTORS  THAT  AFFECT  AIRCRAFT 
COMMUNICATION  SYSTEM  DESIGN 

Many  propagation  phenomena  affect  the  receivability  of  the  trans¬ 
mitted  signal  in  the  hf  range.  The  receive  system  should  be  designed  to  mini¬ 
mize  the  deleterious  effects  of  the  following: 

•  Multipath  propagation 

•  Polarization  shifting 

•  Atmospheric  noise 

Multipath  propagation  causes  nulls  to  occur  in  ihe  information  pass- 
band  spectrum  of  the  receiver  due  to  the  interference  of  two  or  more  modes 
of  differential  time  delay.  These  nulls  occur  periodically  in  frequency’  at  a 
reciprocal  of  the  differential  time  delay.  A  time  delay  of  2msec  (not  normally 
exceeded!  results  in  a  spectrum  null  every’  500Hz  (Villard.  et  al  1972).  Addi¬ 
tionally.  the  different  propagation  modes  can  undergo  a  differential  frequency 
shift  in  the  ionosphere  which  causes  the  resultant  received  signal  to  undergo  a 
periodic  time  fading.  The  differential  doppler  can  be  typically  0.1  to  I  Hz. 
which  causes  the  received  signal  to  have  a  time  fade  with  a  period  of  I  to  10 
seconds.  These  temporal  lime  fades  do  not  occur  simultaneously  across  the 
paxsband  spectrum,  but  propagate  across  it. 

The  polarization  shifting  observed  at  the  receive  site  is  caused  by  wave 
splitting  in  the  ionosphere  due  to  the  presence  of  the  earth’s  magnetic  field. 
The  resultant  two  waves  are  circularly  polarized  with  opposite  sense  and 
propagate  with  different  phase  velocities.  The  two  waves  combine  at  the  re¬ 
ceive  site  to  form  the  resultant  field.  (The  field  is  a  randomly  polarized  ellip¬ 
tical  wave  that  may  be  slowly  rotating  due  to  the  difference  of  the  distinct 
wave  velocities.) 

The  aircraft  receive  system  must  be  designed  to  minimize  these  propa¬ 
gation  effects  while  not  introducing  more  weight  and  power  requirements. 
Atmospheric  noise  is  important  to  the  design  of  the  receive  system,  since  it 
establishes  the  upper  limit  on  receiving  system  noise  figure  allowed. 
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3.0  FREQUENCY  MANAGEMENT  CONSIDERATIONS 

The  patrol  aircraft  has  a  few  hf  circuits  assigned  for  reception  and 
transmission  of  command  control  communications  and  for  transmission  of 
sensor  data.  The  proper  frequency  for  transmission  to  a  designated  remote 
site  must  be  determined  just  prior  to  selection  and  usage.  The  desirable  fre¬ 
quency  for  usage,  FOT  (frequency  of  optimum  transmission),  changes  grad¬ 
ually  throughout  the  day.  The  raw  error  rate  of  an  hf  circuit  is  minimized 
when  this  frequency  is  used,  because  the  multipath  situation  is  minimal. 
Thus,  it  is  important  that  the  communication  system  on  the  aircraft  be  de¬ 
signed  to  incorporate  frequency  management,  including  detecting  the  neces¬ 
sity  to  shift  frequencies. 

The  remote  site  may  transmit  with  one  or  more  transmitters  with  the 
same  traffic.  The  patrol  aircraft  normally  transmits  on  one  data  channel  and 
ma>  have  a  separate  transceive  channel  for  command  control. 

4.0  RECEIVE  SYSTEM  DESIGN  TO  COUNTERACT  PROPAGATION 
AND  PLATFORM  EFFECTS 

The  receive  system  on  the  aircraft  should  be  designed  to  overcome 
certain  of  the  propagation  effects.  The  traditional  techniques  used  arc  the 
following: 

•  Polarization  diversity 

(counteract  propagation 

•  Frequency  diversity 

effects) 

•  In-band  frequency  diversity 

•  Majority  logic  (counteracts  both  propagation  effects  and 
pattern  nulling) 

•  Pattern  diversity  (counteracts  radiation  pattern  nulling  due  to 
platform  effects) 

Of  these,  only  polarization  diversity  has  not  been  deliberately  designed  and 
implemented  on  Navy  aircraft. 


4. !  THEORETICAL  DIVERSITY  IMPROVEMENT 

Diversity*  combining  is  employed  at  hf  to  reduce  the  error  rate  obtainable  in 
a  single  channel  at  a  given  signal-to-noise  ratio  (SNR).  Space,  polarization,  or 
frequency  (but  not  pattern)  diversity  combining  provides  a  capability  —  in 
real  time  -  to  significantly  overcome  the  effects  of  fading.  The  combiner 
produces  a  composite  signal  which  does  not  have  fades  as  deep  or  as  numerous. 
There  are  many  combining  techniques  which  can  be  employed  in  the  com¬ 
biner  (modem).  All  of  them  can  be  expected  to  provide  the  maximum  ob¬ 
tainable  diversity  improvement  when  the  correlation  coefficient  between  the 
antennas  is  zero. 


tS  report  are  diversity  and  quadversity  for  two-  and  four-channel 


combining,  respectively.  All  forms  of  diversity,  except  space,  are  applicable  for  utilization 


on  aircraft  to  reduce  the  raw,  or  nondiversity,  error  rate. 


Sifford  (1965)  states  that  negligible  deterioration  in  performance 
occurs  for  a  signal  correlation  coefficient  up  to  0.6  as  compared  to  zero. 

Thus,  the  correlation  coefficient  of  the  signals  from  antennas  which  are 
collocated  but  which  have  differing  polarization  ellipsis  can  provide  signifi¬ 
cant  diversity  action.  In  fact,  obtainable  data  in  Grisdale  et  al  (1956)  and 
Schwartz  et  al  ( 1 966)  show  that  a  signal  correlation  coefficient  of  up  to  0.8 
yields  diversity  action  within  a  couple  of  dB  relative  to  that  obtainable  with 
uncorrelated  signals  The  signal  correlation  coefficient  is  identical  with  the 
correlation  coefficient  between  the  two  antenna  polarization  ellipses.  The 
performance  of  selection  diversity  action  in  an  FSK  system  with  a  Rayleigh- 
fading  signal  and  no  multipath  interference  can  be  seen  in  table  1.  This  table 
is  obtained  from  data  in  Akima  et  al  (1969,  1970).  The  table  is  for  a  = 

4dB  ( Vj  is  the  ratio  of  rms  to  average  of  the  noise  envelope  voltage).  A  iqini- 
mum  acceptable  binary  bit  error  rate  (ber)  is  usually  considered  to  be  10“~. 
Table  1  shows  that  this  requires  a  SNR  of  about  lOdB.  At  a  SNR  of  25dB.  the 
diversity  improvement  in  ber  is  over  one  order  of  magnitude.  Quadversity  pro¬ 
vides  1.5  orders  of  magnitude  improvement  at  ISdB  SNR  over  single-channel 
reception. 

TABLE  1.  SNR  FOR  DIVERSITY  SCHEMES. 


SNR.  JB 

|  No  Diversity 

Diversity 

Quadversity 

10 

3.0  X  10' 2 

i  .l  X  I0-2 

1.1  X  10'2 

15 

7.0  X  10~3 

4.5  X  10~3 

I  4.0  X  10'3 

:o 

3.0  X  |0~3 

9.0  X  10-4 

4.0  X  10"4 

1.0  X  IO"3 

1.5  X  10*4 

3.5  X  I0'5 

30 

3.5  X  10*4 

i 

2-5  X  I0'5 

1.0  X  10"6 

The  previous  discussion  leads  one  to  the  conclusion  that  an  order  of 
magnitude  ber  improvement  should  normally  be  obtainable  on  aircraft  whose 
antennas  have  polarization  correlation  coefficients  of  as  high  as  .8  where 
normal  diversity  action  is  obtainable.  Quadversity  provides  more  than  an 
order  of  magnitude  improvement  relative  to  single-channel  reception. 

The  preceding  results  are  valid  only  where  there  is  little  adjacent 
channel  interference  due  to  differential  phase  stuffing  and  differential  multi¬ 
mode  delays.  When  this  situation  occurs,  the  error  rate  becomes  (SNR) 
irreducible.*  That  is.  the  bit  error  rate  is  not  limited  by  SNR  but  by  the  level 
of  diversity  employed. 

Figure  3  of  Heritage  ( 1970)  shows  the  effect  of  particular  multipath 
and  doppier  conditions.  It  shows  that  diversity  can  be  used  to  achieve  an 
improvement  of  lO*3  to  10'5  ber  in  the  region  in  which  the  error  rate 
is  SNR  irreducible.  Other  pertinent  theoretical  and  measured  diversity  per¬ 
formance  data  can  be  found  in  Dickson  (1970),  Heritage  (1969).  and 
Johnson  and  Francis  ( 1969).  Horn  and  Gustafson  (1971)  show  the  relative 
importance  of  antenna  pattern  shape  on  statistical  hf  communications  per¬ 
formance  in  terms  of  ber  and  time  availabflity. 


*“fSNR)  irreducible”  error  rate  means  the  error  rate  will  not  be  reduced  by  further 
increases  in  SNR  for  that  level  of  diversity. 


•  ••  MEASURED  -  COMPUTED 


Ffure  I.  Measured  data  venus  SNR  for  particular  multipath 
and  doppler  conditions  (fig.  3.  NE LC /Report  1686). 

Many  documented  hf  antenna  studies  have  been  conducted,  such  as 
those  described  in  Hendershot  ( 1 967),  Emberson  and  Knox  ( 1 968),  and 
reference  I .  These  reports  discuss  various  miniature  hf  antennas  and  antenna 
system  design  techniques.  Basically,  these  are  antennas  that  couple  to  either 
the  magnetic  or  electric  current. 


4.2  ANTENNA  SUBSYSTEM 

The  antenna  system  n.»**»  be  designed  to  provide  the  maximum  decor¬ 
relation  possible  between  the  antennas  used  in  diversity  for  acceptable  divers¬ 
ity  action. 


4.2. 1  RECEIVE  ANTENNA  SUBSYSTEM  FOR  POLARIZATION 
DIVERSITY 

The  hf  receive  antennas  installed  on  Navy  aircraft  are  usually  of  the 
wire  type  that  are  a  significant  portion  of  a  wavelength  in  length.  The  wire 


^  Ohio  State  University  Electroscience  Laboratory,  High  Frequency  Aircraft  Antenna, 
Final  Technical  Report  2235-5,3  May  1968 


antenna  c^n  be  of  the  bent  (dogleg),  straight  (longwiie),  or  trailing  configura¬ 
tion.  A  particular  aircraft  receive  antenna  system  may  be  comprised  of  a  few 
of  these  antenna  types.  It  is  normally  desired  that  the  antenna  patterns  be 
complementary  or  decorrelated;  that  is,  the  pattern  nulls  should  not  be 
coincident. 

The  antennas  of  a  particular  aircraft  installation  should  be  designed  to 
provide  appreciable  polarization  diversity  at  frequencies  from  2  to  30MHz. 

The  antennas  should  be  located  on  the  aircraft  to  respond  to  decorrelated 
polarizations.  The  antenna  pair  should,  in  proper  combination,  provide  ade¬ 
quate  polarization  diversity  action  when  property  located.  However,  adequate 
decorrelated  polarizations  will  be  better  obtained  with  miniature  antennas  due 
to  the  increased  flexibility  for  antenna  location.  These  antenna  elements  could 
be  tunable  multitum  loops,  such  as  in  Flaig  (1968).  The  miniature  antenna 
element  could  also  be  a  broadband  <2-30MHz)  or  narrowband  tunable  active 
antenna.  A  number  of  miniature  antenna  elements  could  be  judiciously 
located  on  the  aircraft  to  give  at  every  frequency  a  pair  of  antennas  that  to¬ 
gether  provide  polarization  diversity. 

A  nerve!  antenna  has  been  reported  (Campbell  et  al.  1971 )  that  was 
designed  to  provide  orthogonal  polarization.  It  «  a  dual-mode  symmetrical  hf 
antenna  that  was  developed  for  helicopters.  The  antenna  pair  used  is  similar 
to  the  “dogleg'*  antenna  used  by  the  Navy.  The  dual-mode  antenna  can  be 
used  to  provide  polarization  diversity  or  can  be  used  for  simultaneous  receive 
and  transmit  on  separate  frequencies.  The  dual-mode  antenna  is  obtained  by 
using  a  “hybrid"  circuit  and  connecting  the  receiver  and  transmitter  to  the 
sum  and  ditference  ports  or  vice  versa.  Tlie  average  isolation  of  the  ports  is 
30dB.  (For  more  detail,  see  the  Campbell  report.)  This  is  greater  than  the 
space  isolation  between  two  hf  antennas  on  aircraft  in  most  instances.  This 
dual-mode  antenna  approach  works  best  when  the  antennas  are  mounted  on 
the  aircraft  in  a  symmetrical  manner.  The  dual-mode  antenna  provides  verti¬ 
cal  polarization  in  the  sum  mode  and  horizontal  polarization  in  the  difference 
mode.  This  can  be  useful  in  cases  in  which  the  horizontal  noise  field  is  much 
less  than  the  vertical  noise  field  as  well  as  for  implementation  of  polarization 
diversity. 


4.2.2  PATTERN  DIVERSITY 

Pattern  diversity  provides  improvement  to  the  SNR  only,  and  only 
for  those  portions  of  the  coverage  sphere  at  which  the  antennas  have  disparate 
antenna  gains. 

The  pattern  nulls,  however,  have  less  significance  at  high  SNRs  because 
the  receive  field,  with  the  multipath  situation,  does  not  exhibit  the  normal 
ber-versus-SNR  curve.  The  curve  reaches  an  (SNR)  irreducible  error  rate  for 
single  channel  at  some  modest  SNR,  as  seen  in  figure  3  of  Heritage  (1970). 
(When  frequency  or  polarization  diversity  or  both  of  them  are  used,  the  (SNR) 
irreducible  error  rate  level  is  significantly  less  than  in  the  nondiversity  case.) 


4.2 3  HF  ADAPTIVE  ANTENNA  ARRAY 

Adaptive  antenne  array  technology  has  been  developed  at  uhf  fre¬ 
quencies  for  aircraft  (Compton,  1971  and  1972).  Adaptive  antenna  arrays 
provide  the  capability  of  both  beam  and  null  steering  of  n-1  beams  plus  nulls, 
where  n  is  the  number  of  antenna  elements.  The  null  steering  aai  be  performed 
by  transmitting  a  pseudorandom  noise  (PRN)  code  and  correlating  on  it  in  the 
receive  system.  This  nun  steering  approach  is  appropriate  in  a  jamming  environ¬ 
ment.  The  adaptive  receiving  antenna  system  serves  to  maximize  the  signal-to- 
jammer  ratio.  Null  steering  can  also  be  implemented  via  calibrated  software 
prediction  techniques.  The  beamsteering  essentially  is  performed  by  coherent 
rf  or  W  combining;  that  is,  the  beam  is  formed  by  maximizing  the  SNR,  which 
is  typical  of  a  predetection  combiner  approach.  Thus,  the  adaptive  array  pro¬ 
vides  an  improved  SNR  through  better  gain. 

The  prospect  of  an  hf  adaptive  array  is  a  promising  one  for  larger  air¬ 
craft,  even  though  the  largest  extent  of  the  aircraft  is  small  in  terms  of  a  wave¬ 
length,  because  the  antenna  elements,  active  or  passive  miniature,  can  be 
located  optimally  with  minimum  interaction.  The  antenna  array  that  is 
formed  can  best  be  described  as  a  superdirective  array. 

The  adaptive  array  may  also  be  constructed  over  some  of  the  hf  range 
to  match  the  receive  antenna  system  polarization  ellipse  to  the  receive  wave 
ellipse.  The  improvement  due  to  diversity  reception  needs  to  be  investigated 
when  an  hf  adaptive  antenna  array  is  used.  This  hf  adaptive  antenna  array  is 
at  present  only  a  design  concept  and  needs  to  be  investigated  in  a  research 
effort. 


4.3  DIVERSITY  RECEPTION  COMBINING  AND  SIGNAL  PROCESSING 
SUBSYSTEM 

The  hf  receive  situation  can  be  improved  by  employing  a  combination 
of  polarization,  pattern,  frequency,  and  in-band  diversities.  These  techniques 
are  implemented  by  such  devices  as  combiners,  modems,  and  majority  logic 
units.  A  combination  of  combining  and  error  reduction  approaches  is  desirable, 
because  each  method  tends  to  remove  different  types  of  errors  that  have 
occurred  in  the  received  signal. 


4.3.1  POSTDETECTION  COMBINING 

Hf  polarization,  antenna  pattern,  frequency,  and  in-band  frequency 
diversity  combining  can  be  implemented  with  postdetection  combining  tech¬ 
niques.  Diversity  is  obtained  by  combining  two  independently  fading  signals 
in  a  combiner.  Two  receivers  ;ire  required  to  supply  the  modem  with  the  two 
independent  baseband  signals  except  in  the  in-band  frequency  diversity  case. 
The  modem  can  combine  both  channels  of  2400-baud  serial  bit  stream. 
Quadversity  is  obtained  when  “in-band”  frequency  diversity  is  utilized  with 
frequency  or  polarization  diversity  in  a  four-channel  modem  combiner. 
Quadversity  gives,  roughly,  a  two-order-of-magnitude  improvement  at  30dB 
SNR  in  processed  error  rate  as  compared  to  single-channel  or  “raw”  error 
rate  with  no  multipath  interference. 


4.3.2  PREDETECTION  COMBINING 


The  previous  section  describes  the  traditional  approach  to  implement¬ 
ing  polarization  diversity  or  any  other  type  of  diversity  at  hf.  That  technique 
is  postdetection  combining,  which  is  done  in  the  modem.  Predetection  co¬ 
herent  combining  can  be  done  at  uhf  but  does  not  yield  diversity  improvement, 
because  the  correlation  bandwidth  is  less  than  the  actual  bandwidth.  At  hf, 
however,  a  coherent  predetection  combiner  (combining  performed  at  the  i-f 
level)  could  provide  a  simple  technique  for  achieving  pattern  diversity.  The 
predetection  combiner  could  also  provide  improvement  for  errors  that  occur 
due  to  flat  fading  -  that  type  that  has  a  deep  null  across  the  entire  3kHz 
passband.  The  flat  fade  of  one  polarization  is  temporally  uncorrelated  with 
the  Hat  fading  of  the  other.  However,  predetection  combining  will  not  provide 
diversity  improvement  for  the  situation  in  which  the  ionospheric  transfer 
functions  on  the  orthogonal  polarizations  are  uncorrelated.*  This  statement 
means  that,  roughly  speaking,  the  differential  phase  shifts  across  the  passbands, 
obtained  from  antennas  of  orthogonal  polarizations,  are  different.  Thus,  upon 
combining  coherently,  at  a  single  frequency,  the  two  signals  will  only  be  in 
phase  at  a  few  frequencies.  Fades  and  nulls  will  occur  at  frequencies  in  be¬ 
tween.  That  is,  the  two  signals  “beat”  together  when  the  propagation  transfer 
functions  are  uncorrelated. 

An  important  point  must  be  made  here:  experience  shows  that  the 
propagation  transfer  functions  of  signals  received  from  widely  separated 
antennas  are  uncorrelated.  However,  the  correlation  of  the  transfer  functions 
ot  signals  obtained  from  orthogonally  polarized  antennas  is  unknown.  The 
degree  of  correlation  may  be  quite  good.  (This  does  not  mean  to  imply  that 
the  spectral  fades  of  such  signals  are  correlated.)  The  relative  decorrelation  of 
the  spectral  nulls  and  temporal  nulls  of  signals  is  a  fundamental  necessity  in 
order  to  obtain  diversity  improvement.  Thus,  polarization  diversity  combining 
alone  may  or  may  not  be  feasible  in  a  predetection  combiner  to  provide 
diversity  improvement. 

A  summary  of  the  improvements  to  be  obtained  with  predetection 
combining  for  implementing  polarization  diversity  is  as  follows: 

•  Automatic  “best”  antenna  pattern  selection  actually  implements 
a  two-antenna  adaptive  array 

•  Diversity  performance  is  improved  during  periods  of  flat  fading 

•  Diversity  performance  is  improved  during  periods  or  cases  of 
propagation  transfer  function  correlation 

Frequency  diversity  cannot  be  implemented  with  this  predetection 
combiner,  because  the  propagation  transfer  functions  will  almost  certainly 
be  decorrelated  on  the  separaU  r,equencies. 


♦“Uncorrelated”  here  refers  to  the  phase  portion  of  the  transfer  function,  only. 


4.3.2. 1  ADAPTIVE  PHASE  EQUAL1ZATI0N/PREDE rECTlON  COMBINING 

The  predetection  combining  may  not  work  in  all  cases  for  polarization 
diversity  without  adaptive  phase  equalization.  Predetection  combining  certainly 
does  not  work  in  the  frequency  diversity  case.  However,  the^otal  ber  improve¬ 
ment  is  not  solely  due  to  predetection  combining.  The  improvement  in  ber 
due  to  the  adaptive  phase  equalization  can  be  quite  significant. 

The  problems  associated  with  the  reception  of  hf  propagated  signals 
stem  from  the  propagation  transfer  function.  This  has  associated  with  it  a 
nonlinear  differential  phase  shift  and  spectral  nulling.  The  phase  shitting 
problem  causes  adjacent  channel  interference  of  the  multichannel  FSK  or 
DPSK  signals.  The  transfer  function  does  not  preclude  predetection  com¬ 
bining  if  the  transfer  functions  of  the  two  signals  are  identical  (with  respect 
to  phase).  Thus,  a  technique  is  required  to  readjust  the  overall  system  transfer 
function  in  the  receiver  in  cases  in  which  it  is  necessary,  in  order  to  provide 
predetection  combining  that  results  in  diversity  improvement. 

Such  a  technique  is  an  adaptive  communications  system  (Morgan. 

1971 )  that  employs  spectral  lines  to  sample  the  propagation  transfer  function 
across  the  passhand.  The  lines  are  separate  channels  that  are  detected  in  the 
adaptive  receive  system  and  used  to  adjust  adaptive  filters.  They  require  little 
of  the  overall  transmitted  power.  The  function  of  the  adaptive  filters  (imple¬ 
mented  at  the  i-f  level)  is  to  synthesize  an  inverse  transfer  function  of  the 
propagation  transfer  function.  This  technique  provides  an  equalized  signal 
that,  when  combined  with  another  equalized  signal,  should  provide  satisfactory 
diversity  improvement  in  either  the  polarization  or  frequency  diversity  case. 

This  hybrid  technique  of  adaptive  equalization/predetection  combining 
provides  quadversity  level  of  error  rate  improvement  performance.  The  impor¬ 
tant  features  to  notice  are  that  the  modems  do  not  need  to  be  redesigned  to 
handle  quadversity.  and  that  one  receiver,  rather  than  two  or  four  receivers,  is 
required.  One  receiver  is  eliminated  in  the  case  of  polarization  or  frequency 
diversity.  Three  receivers  are  eliminated  in  the  case  of  quadversity.  Preselectors 
and  down-converters  are  required  for  each  rf  channel.  However,  the  preselec¬ 
tors  are  not  required  when  simultaneous  transmission  is  not  required. 


4.3.3  MODE-AVERAGING  DIVERSITY  COMBINER 

This  section  presents  a  new  technique  (Villard  et  al.  1972)  that  is  very 
promising  for  aircraft  application. 

The  Villard  mode-averaging  diversity  combining  technique  is  rather 
simple  in  concept.  The  separate  propagation  modes  combine  at  the  receive 
site.  However,  each  of  these  modes  arrives  at  a  d;fferent  incoming  angle.  The 
incoming  modes  combine  externally  to  the  antenna  in  a  constructive  and  de¬ 
structive  manner  that  causes  nulls  to  be  distributed  in  frequency  and  in  time. 
There  exists  also  a  polarization  null  occurrence  due  to  combining  of  circularly 
polarized  waves  of  the  same  sense  but  180°  out  of  phase.  The  polarization 
null  itself  rotates  at  an  infrasonic  rate  due  to  the  distinct  phase  velocities  at 
which  the  waves  propagate. 

The  Villard  combining  technique  utilizes  two  antennas  that  form  an 
array.  The  array  is  designed  to  form  a  null  in  the  elevation  plane.  This  null 


can  be  swept  over  the  angles  of  interest  of  the  incoming  modes.  Such  nulls 
cxi  be  formed  by  two  antennas  in  dose  proximity,  such  as  a  loop  and  a  probe. 

The  pair  of  antennas  is  swept  in  phase  at  a  45kHz  rate  -  or  at  least  a 
frequency  higher  than  the  highest  spectral  component  of  interest.  This  process 
senes  to  sweep  the  null(s)  successively  through  each  incoming  mode  and  to 
prevent  instantaneous  interference  with  the  other  mode.  Thus,  the  null(s)  in 
frequency  and  in  time  is  reduced  greatly.  The  amount  of  adjacent  channel 
interference  is  also  reduced.  The  Villard  article  does  not  treat  the  impact  of 
this  new  technique  upon  the  channel  error  rate.  However,  the  error  rate 
should  be  markedly  improved. 

This  technique  is  implemented  with  dual  receivers  with  different  i-Ps 
that  are  spaced  45kHz  apart.  The  two  i-f s  are  then  fed  to  a  detector  and  a 
tow-pass  filter  to  yield  the  audio  output  with  the  mode-averaged  baseband 
signal.  This  technique  should  be  superior  to  polarization  diversity  po^tdetec- 
tion  combining  on  an  aircraft  from  a  weight  standpoint,  because  a  second 
modem  is  not  required.  Of  course,  the  improvement  obtainable  with  the 
Villard  technique  on  an  aircraft  is  not  known  and  can  only  be  determined  by 
measurement  or  by  computer  simulation. 

The  Villard  article  restricts  its  attention  to  the  improvements  obtain¬ 
able  by  reducing  multipath  effects.  However,  an  important  design  parameter 
on  aircraft  (and  ships)  is  to  minimize  the  effects  of  the  antenna  null.  Clearly, 
one  of  the  bencPits  of  the  Villard  technique  is  that  the  pattern  nulls  have  been 
averaged  out:  that  is.  the  pattern  standard  deviation  is  less.  Thus,  we  note 
that  the  Villard  technique  provides  significant  pattern  improvement  as  well 
as  diversity  reception  improvement. 


4.3.4  MAJORITY  VOTING 

The  odd-channel  majority  logic  combining  approach  operates  on  a 
bit-by-bit  basis  and  is  useful  because  it  is  an  inexpensive  combining  technique 
for  implementing  diversity.  The  majority  voting  technique  also  is  useful  in 
that  it  allows  diversity  reception  of  separate  signals  from  separate  transmission 
sites.  (The  majority  vote  unit  must  have  correlation  circuitry  for  bit  sync.) 

The  majority  logic  combining  can  also  be  done  on  three  2400-baud 
serial  data  streams  from  three  DPSK,  modems.  The  three  channels  can  be  used 
to  implement  diversity.  Triversity  can  be  obtained  by  having  two  receivers 
for  polarization  diversity  and  one  for  frequency  diversity.  This  latter  possibility 
is  in  effect  a  simple  EDAC  code.  The  code  rate  is  1/3  for  three-channel  majority 
voting.  The  majority  voting  technique  offers  inexpensive  but  significant  im¬ 
provement  over  sophisticated  and  costly  modem  redevelopment  programs. 

The  majority  voting  concept  can  also  be  utDized  on  separate  frequencies 
and  in  those  cases  in  which  the  transmitters  are  located  on  separate  shore  sites. 
This  allows  path  diversity  as  well  as  the  other  types  of  diversity.  This  form  of 
diversity  works  quite  well  to  overcome  the  well  known  sunrise/sunset  fadeouts. 


S  O  RF/ANTENNA  SYSTEM  DESIGN  RELATED  TO  PLATFORM /EMC 
CONSTRAINTS 


5.1  RECEIVE  SYSTEM 

Hf  aircraft  receive  antennas  are  difficult  to  design  due  to  the  severe 
operational  and  electromagnetic  environment.  This  is  especially  true  if  the 
receive  antenna  must  be  operational  while  the  transmitter  antenna  is  trans¬ 
mitting.  Of  course,  all  antennas  on  the  aircraft  are  very  closely  coupled. 

» Sections  b  and  7  deal  with  the  various  aspects  of  common  transmit /receive 
antenna  design  un  aircraft.)  Thus,  special  care  must  be  taken  to  protect  the 
receiver  from  overloading,  crossmodulation.  and  desensitization  due  to  simul¬ 
taneous  transmission.  The  receive  antenna  system  must  be  designed  to  re¬ 
ceive  from  2  to  30MHz  and  remain  atmospherically  noise  limited  (Gustafson 
and  Chase,  1970).  that  is.  the  receive  system  noise  figure  must  be  less  than 
the  atmospheric  noise  figure  by  5dB  to  ensure  that  the  receive  system  sensi¬ 
tivity  is  not  reduced  by  more  than  IdB.  With  no  requirement  for  simultaneous 
transmission  and  reception,  the  active  or  passive  miniature  receive  antenna  is 
attractive  for  many  reasons. 

•  Reduced  size 

•  Conformal  mounting 

•  Less  induced  stalk  noise 

•  Less  vulnerability  to  lightning  effects 

•  More  desirable  location  from  a  performance  point  of  view 

•  Superior  performance  in  an  array  because  of  optimized  locations 

Active  receive  antennas  of  two  types  are  feasible  narrowband  and  broad¬ 
band.  The  first  is  useful  for  single-frequency,  the  second  for  inultifrequencv 
reception.  The  broadband  active  receive  antenna  is  the  more  desirable,  be¬ 
cause  reception  is  desired  on  more  than  one  frequency.  The  broadband  active 
antenna  can  be  used  in  the  receiving  system  ir»  two  ways.  One  method  is  to 
use  a  single  broadband  antenna.  The  second  b  to  use  the  broadband  antenna 
in  an  adaptive  array,  that  is.  to  carefully  locate  on  the  aircraft  many  miniature 
passive  or  active  broadband  antenna  elements.  Thus,  an  arra>  can  be  formed 
at  each  desired  frequency.  The  same  antennas,  probably  from  »wo  to  four 
elements,  could  also  be  so  designed  to  provide  polarization  and  pattern 
diversity.  These  antennas  for  polarization  diversity  can  be  utilized  by  any  of 
three  combining  techniques  postdetection  modem,  the  ViHard  approach, 
and  the  adaptive  phase  equalization/predetection  approach.  These  antennas 
have  an  rf  system  attached  that  receives  at  a  number  of  frequencies,  usually 
two  frequencies  for  frequency  diversity.  The  antennas,  of  course,  can  also  be 
comprised  of  the  active  or  passive  narrowband  tuned  antennas  that  are  minia¬ 
ture  for  single-frequency  reception. 

The  hf  adaptive  array  technique  proposed  in  section  4.2 3  is  not  feas¬ 
ible  unless  implemented  with  the  miniature  passive  or  the  active  antenna 
elements.  The  real  problem  with  implementing  this  approach  is  to  determine 
the  best  antenna  array  locations  on  the  aircraft.  The  procedure  and  techniques 
that  can  be  used  to  locate  antennas  on  aircraft  are  discussed  in  section  7. 


The  practical  problem  associated  with  the  active  antenna  is  that  the 
active  device  must  be  protected  from  narrowband  high-power  sources  nearby 
that  induce  energy  into  the  active  antenna.  This  protection  can  be  provided 
with  a  tuned  high-Q  notch  filter.  The  insertion  loss  of  the  filter  amplifier,  the 
noise  figure,  and  the  receive  system  should  be  designed  to  provide,  barely,  an 
atmospherically  limited  noise  figure  (Gustafson  and  Chase.  1970).  Of  course, 
the  tuned  frequency  of  the  notch  is  that  of  the  transmitter.  When  more  trans¬ 
mit  frequencies  than  one  are  present,  multiple  ganged  notches  may  be  utilized. 

One  of  the  problems  that  arise  with  the  use  of  miniature  antennas  on 
aircraft  is  that  it  is  desirable  to  receive  on  more  than  one  frequency  per 
antenna.  This  can  he  done  with  an  antenna  currently  being  developed  at  Ohio 
State  University.  This  xnienna  is  to  have  multiple  ports  whose  basic  element 
is  the  multiturn  loop.  Hits  antenna  would  allow  simultaneous  reception  on 
more  than  one  frequency.  Thus,  this  ty  pe  of  antenna  would  be  necessary  for 
a  multiple-frequency  hf  array. 

The  dual-mode  antenna  (Campbell  et  al.  1971 )  is  useful  because  it  pro¬ 
sides  an  average  of  30dB  isolation  even  though  the  antennas  are  close  together. 
This  antenna  is  discussed  in  section  4.2.1. 


5.2  1  RANS.MI  r  SYSTtM 

The  most  common  existing  requirement  specified  for  minimum  re¬ 
ceiver  transmitter  frequency  separation  on  aircraft  is  109.  The  design  problem 
is  to  obtain  the  required  isolation  at  109  frequency  separation  to  guarantee 
that  the  performance  of  the  rece»verts)  b  not  degraded.  The  transmit  and 
receive  systems  on  Navy  aircraft  are  placed  on  separate  antennas  to  give  maxi¬ 
mum  transmitter /receiver  isolation.  This  is  done  because  design  parameters 
that  would  ensure  satisfactory  simultaneous  transmit/receive  operation  in  the 
transmit  system  are  difficult  to  achieve.  Tim  situation  exists  even  with  the 
largest  possible  separations  on  Navy  airciaft. 

Thus,  an  important  factor  in  successful  simultaneous  hf  transmission 
and  reception  at  109  frequency  separation  is  the  control  of  broadband  noise 
from  a  transmitter  on  receive  frequencies.  Transmitter  noise  power  must  be 
held  to  a  level  at  least  5dB  below  minimum  atmospheric  noise  at  the  receive 
system  input  if  receivability  degradation  is  to  be  held  below  IdB.  Total 
attenuation  of  transmitter  noise  is  obtained  from  the  combination  of  transmit 
antenna  tuner  and  transmit  filter  rejection  with  receive/transmit  antenna  isola¬ 
tion  at  the  receive  frequency  which  equals  or  exceeds  the  minimum  of  109 
separation  from  the  transmit  frequency 

Transmitter  noise  powc '  data  are  available  at  three  typical  hf  frequen¬ 
cies  for  both  ARC-132  (Collins)  .end  ARC-142  (RCA)  equipments  in  a  3kHz 
bandwidth  109  away  from  the  transmit  frequency.  Calculations  comparing 
transmitter  noise  with  quasi-minimum*  atmospheric  noise  yield  the  required 
total  attenuation  necessary.  These  data  are  presented  in  table  2. 


•Essentially  an  avenge  minimum  that  is  usually  below  the  actual  minhnums. 


Hie  information  presented  in  table  2  was  obtained  from  Gustafson 
et  al  1 1  ‘>72).  The  total  attenuation  required  to  result  in  simultaneous  trans¬ 
mitter/receiver  operation  (antenna  isolation,  transmit  tuner  attenuation,  plus 
additional  transmit  system  attenuation  at  the  receive  frequency  >  is  given  in 
table  2  at  lOT  spacing.  The  table  shows  that  the  transmit  system  attenuation 
requirement  with  the  AN/ ARC-142  is  much  more  severe  than  that  with  the 
AN/ARC-132  by  a  factor  of  36dB.  The  total  attenuation  icquired  by  the 
AN/ARC-132  ranges  from  25  to  44dB.  The  maximum  space  isolation  be¬ 
tween  two  antennas  on  an  aircraft  is  probably  not  more  than  20dB  at  V.  not 
including  the  receive  antenna  mismatch.  ( Receive  antenna  mismatch  is  not 
part  of  the  total  attenuation  requirement  of  tabic  2.)  The  antenna  isolation 
data  used  here  were  obtained  from  reference  2. 

TABLfc  2.  ATTENUATION  RE  let  .  tv  l  ML  NTS 


IfaaiHin 

Quasjsnm 

SdB  Below 

Total  Attenuation 

Freq.  MR’ 

None.  dBM 

Atmos  None.  <i6n 

Atmos  Noise.  dBm 

Required.  dB 

AN,  ARC-132 

2.5 

-69 

-  89 

-  94 

25 

11.3 

-74 

-toT 

-112 

38 

25.0 

-78 

-117 

-122 

44 

AN  ARC-142 

2.5 

-31 

-  89 

-  94 

63 

1 1.0 

-38 

-107 

-112 

74 

25.0 

-40 

-117 

-122 

82 

The  total  attenuation  requirement  at  l( Ti  frequency  spacing  is  almost 
met  at  2.5MHz,  but  is  short  by  at  least  20dB  at  25MHz.  This  attenuation  re¬ 
quirement  shortage  can  be  met  by  increasing  the  attenuation  at  the  receive 
frequency  by: 

a  reducing  the  broadband  noise  from  the  high-power  amplifier. 

b  increasing  the  filtering  in  the  antenna  tuner. 

c.  providing  a  transmit  filter,  or 

d.  increasing  the  frequency  spacing  to  I5f>  or  so. 

The  point  must  be  restated  here  that  these  calculations  are  based  on  the 
AN/ARC-132.  The  transmit  filtering  requirement  with  the  AN/ARC-142  is 
3?JB  more  severe.  Also,  the  broadband  noise  level  of  the  AN/ ARC-142  tapers 
off  at  frequency  offsets  of  107  or  more  whereas  that  of  the  AN/ARC-132 
docs  not. 
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6.0  ANTENNA  MATHEMATICAL  MODELING  DESIGN  TECHNIQUES 

Tne  procedure  for  designing  hf  antennas  for  aircraft  has  been  tradF 
t tonally  restricted  to  scale  modeling  approaches  with  miniature  models.  This 
procedure  lends  little  insight  into  the  cause-effect  relationships  of  the  antenna(s) 
with  the  model.  Thus,  the  designer  does  not  come  to  understand  the  delicate 
interrelationships  of  the  basic  antenna  design  and  the  antenna  locations  on  the 
aircraft  -  it  is  impossible  to  take  voluminous  enough  data  and  to  correlate 
them  to  allow  conclusions  on  these  interrelationships  to  be  drawn. 

Mathematical  modeling  on  aircraft  is  currently  feasible  and  has  been 
used  to  develop  both  antennas  ai  d  antenna  array  locations  on  the  aircraft  at 
hf  ( Bur*  . .  1971).  There  exists  a  concept  of  aircraft  antenna  analysts  that 
utilizes  a  detailed  knowledge  of  orthogonal  current  modes  and  their  respective 
current  distributions.  The  mathematical  modeling  approach  can  be  used  to 
determine  the  current  modal  distributions  due  to  an  incident  plane  wave  on 
the  aircraft.  The  proper  location  of  an  individual  antenna  element  is  assumed 
to  he  at  a  maximum  of  a  current  mode.  However,  for  array  design  purposes 
the  locations  of  all  elements  are  dictated  by  the  overall  system  design  goals. 

It  may  be  desired  that  the  antenna  pattern  of  the  array  be  omnidirectional 
and  have  a  steerable  null. 

The  design  philosophy  of  the  array  ts  also  different  if  the  actual  array 
at  a  particular  frequency  is  formed  from  a  subset  of  all  the  elements  of  the 
array.  For  example,  a  total  of  cqght  elements  may  be  used  in  the  array  with 
only  two  or  four  of  these  being  utilized  at  a  given  frequency  in  the  actual 
operating  array.  The  antenna  pair  that  is  used  at  a  certain  frequency  is  that 
which  couples  best  to  the  current  distributions  while  satisfying  the  basic  re¬ 
quirements  of  the  signal  processing  system  of  interest. 


7.0  SOME  ADAPTIVE  AIRCRAFT  COMMUNICATIONS  SYSTEM 
DESIGN  APPROACHES 

It  would  be  advantageous  to  have  an  automatically  selectable  capability 
to  transmit  on  the  antenna  which  has  the  best  pattern  for  the  desired  direction, 
dm  approach  might  be  implemented  with  the  use  of  a  read-only  memory  (ROM) 
to  store  the  antenna  patterns.  The  proper  transmit  antenna  would  be  selected 
by  consulting  an  ROM  with  the  desired  frequency  and  azimuth.  The  ROM 
would  correspondingly  contain  the  desired  transmit  antenna  selection.  This 
technique  would  allow  the  aireraft-to-shore  link  to  be  improved  in  areas  in 
which  nulls  occur  on  the  primary  transmit  antenna. 

A  different  approach  would  be  to  utilize  an  adaptive  receive/transmit 
hf  antenna  array  (see  also  section  4.2.3).  This  would  require  the  use  of  minia¬ 
ture  transmit  antennas  and  receive  antennas,  the  phases  of  which  are  controlled 
in  an  adaptive  manner  to  form  both  a  receive  and  a  transmit  beam  in  the  direc¬ 
tion  of  propagation.  The  receive  and  transmit  systems  should  probably  be  time 
shared  on  the  same  frequency.  The  antennas  would  be  either  dual  unilateral 
or  single  bilateral  types  to  be  used  in  the  array.  This  approach  has  a  further 
advantage  in  that  the  transmit  amplifier  can  be  provided  at  the  antenna.  Thus, 
a  high-power  transmitter  amplifier  is  not  needed.  A  still  further  advantage  is 
that  frequencies  received  simultaneously  have  a  lower  transmit  power  level. 


This  aircraft  adaptive  communications  system  performs  optimally 
when  used  in  a  certain  manner.  The  remote  site  can  determine  when  the 
transmit  signal  ( frequency )  becomes  unsatisfactory  and  can  request  the  air¬ 
craft  system  to  switch  frequencies.  The  best  approach  on  the  aircraft  would 
be  to  utilize  two  transmitters  on  separate  frequencies.  The  second  transmitter 
would  be  tuned  to  a  higher  frequency  than  the  first  if  the  received  her  on  the 
shore  ship  was  better  on  the  higher  receive  frequency’.  On  the  other  hand,  if 
the  lower  receive  frequency  was  better,  a  new  transmit  frequency  would  he 
chosen  that  was  lower  than  the  original  transmit  frequency'.  The  remote  site 
would  compare  the  reduced  error  rate  on  both  its  receive  channels.  I  This 
assumes  that  during  this  adaptive  process  the  aircraft  is  transmitting  on  two 
frequencies  and  using  a  known  sequence  »  The  remote  site  would  report  back 
whether  or  not  the  new  channel  I  frequency  I  met  the  criterion  (better  than  a 
certain  emir  rate!.  The  remote  site  would  also  report  back  whether  or  not 
the  new  channel  error  rate  was  improved  over  the  other  channel.  This  adaptive 
tor  automatic!  frequency  selection  process  is  repeated  until  the  remote  site 
receives  an  adequate  signal  (based  upon  a  certain  minimum  her!.  When  this 
transmit  frequency  selection  process  is  completed,  tee  second  transmitter  on 
(he  airciuit  i%  turned  off  This  adaptive  control  technique  requires  that  the 
remote  site  have  the  capability  to  monitor  and  compare  error  rales.  The  jir- 
cruft  aiso  must  be  designed  to  interact  in  this  manner  with  the  remote  site  to 
adapt  (he  frequency  to  the  channel  as  the  FOY  changes  throughout  the  day. 
these  discussions  assume  that  an  adequate  list  of  frequencies  is  available  Use 
receivers  and  transmitters  for  this  circuit  management  technique  must  be  urn- 
trolled  by  a  processor.  The  assumption  made  here  is  that  the  existing  equip¬ 
ment  automatic  configuration  capability  is  adequate.  Otherwise,  control  and 
processing  functions  have  to  be  added 


S  O  SYSTEM  DESIGN  PHILOSOPHY  AND  SYSTEM  MODELING 

The  approach  to  the  actual  implementation  of  the  new  techniques 
presented  in  the  previous  sections  depends  upon  the  aircraft,  its  si/e  and  capa¬ 
bility.  and  the  functional  communications  requirements.  Of  course,  the  imple¬ 
mentation  plans  discussed  in  this  section  reflect  a  desire  to  maintain  a  generalized 
approach  for  all  Navy  aircraft.  The  RAD  efforts  to  be  conducted  will,  by 
necessity,  he  structured  to  guarantee  j  maximum  of  applicability  to  most 
aircraft  situations.  The  genera!  approach  is  to  improve  and  upgrade  Navy  lit 
communications  to  reflect  the  latest  sta’c  of  the  art. 

The  hf  design  approaches  for  Na»y  aircraft  recommended  in  the  pre¬ 
vious  sections  require  a  systems  approach  towards  implementation.  Thus,  the 
different  subsystems  and  systems  have  to  be  compared  to  each  other  on  a  cosf- 
versus-performance  basis.  The  best  medium  for  comparison  is  a  statistical 
communications  mathematical  model.  Such  models  have  more  validity  than 
the  “build  and  measure”  concept,  because  the  experiment  is  largely  random 
and  too  many  vital  system  parameters  are  otherwise  left  unvaried.  The  param¬ 
eters  left  unvaried  are  the  various  propagation  factors  such  as  multipath  delay 
spread,  differential  doppler  shift,  and  polarization  splitting  and  rotation.  The 
problem  associated  with  the  research  and  development  of  a  new  communica¬ 
tions  system  is  that  the  complex  natural  “environmental”  factors  such  as 


propagation  cannot  be  separated  from  the  design  parameters  in  a  set  of  meas¬ 
urements.  The  use  of  a  statistical  model  is  most  appropriate  because  of  the 
desire  to  reduce  costs.  In  fact,  not  only  is  the  best  system  approach  deter¬ 
mined  by  use  of  the  mathematical  model  concept  but  also  the  optimum  sub¬ 
system  trade-offs  are  made,  to  yield  a  maximally  advanced  system  improvement. 

The  statistical  mathematical  model  that  is  to  be  utHized  is  comprised, 
in  part,  of  an  exact  model  of  the  antenna  system  performance.  This  is  obtained 
by  using  an  antenna  mathematical  modeling  technique  in  which  the  appropriate 
structural  geometry  detail  for  the  frequency  is  used.  Boundary  matching  is 
performed  to  obtain  closed-form  solutions  of  sufficient  accuracy  .  The  model 
obtains  accurate  results  for  polarization,  pattern,  impedance,  and  antenna  inter- 
couplmg-  AH  these  parameters  are  of  interest  in  a  communications  system 
modeling  analysis.  Further,  they  can  tv  translated  into  statistical  terms.  The 
statistical  term'  ot  the  antenna  subsystem  that  are  of  importance  are  the 
following 

•  Antenna  Pattern  Amplitude  Probability  Distribution  I AP APD) 

•  Joint  Antenna  Pattern  .Amplitude  Probability  correlation  distribution 

•  Antenna  polarization  probability  distribution 

•  Joint  antenna  polarization  probability  correlation  distribution 

•  Weighted  antenna  impedance  distribution  (weighted  refers  to 
the  desirability  to  minimize  VSWR  versus  frequency) 

•  Joint  antenna  isolation 

These  statistical  parameters  are  readily  incorporated  into  an  overall 
s>  stem  model.  The  mode!  includes  the  propagation  statist.es.  both  the  channel 
and  the  none.  Hie  evaluation  of  separate  competing  hf  system  improvement 
approaches  m  the  area  of  antenna  array  mg/signal  processing  must  be  done  from 
such  a  statistical  communications  system  model.  This  is  because  the  different 
approaches  tend  to  improve  the  raw  her.  or  grade  of  service,  but  are  radically 
different,  and  their  performance  is  not  now  known.  The  design  trade-offs 
that  must  be  made  to  optimize  the  design  are  also  unknown.  Thus,  prudence 
dictates  the  mathematical  modeling  technique. 


0.0  SUMMARY 

The  previous  sections  contain  many  approaches  to  improving  aircraft 
hf  communications.  They  apply  to  a  wide  variety  of  Naval  communications 
requirements.  The  particular  approach  selected  should  be  based  on  require¬ 
ments  and  functional  analysis.  It  will  most  likely  be  different  for  different 
sizes  and  speeds  of  aircraft.  This  is  particularly  true  of  the  antenna  design  area. 

A  large  variety  of  techniques  has  become  available  in  the  last  couple  of 
years  that  promise  to  substantially  improve  aircraft  hf  communications.  As  an 
example,  the  tunable  notch  filter  may  allow  active  antennas  to  be  used  in  a 
transmit  environment. 

These  new  concepts  and  approaches  should  be  pursued  to  determine 
their  individual  and  collective  merit.  Generally,  implementation  would  start 
with  a  communications  requirements  analysis,  a  functional  analysts,  and  an 
antenna  system  design  approach.  Then  an  effort  would  be  conducted  to 


locate  antennas  on  the  aircraft  by  use  of  modeling  techniques,  either 
Hardware  or  software.  The  modeling  data  and  systems  analysis  would  de¬ 
termine  the  degree  to  which  the  antenna  design  met  such  functional  require¬ 
ments  as  beam  steering,  null  steering,  isolation,  efficiency,  gain,  polarization, 
and  mode-averaging  diversity.  Once  the  performance  of  the  antenna  system 
design  (including  aircraft  installation)  is  determined,  it  is  necessary  to  pro¬ 
ceed  with  the  design  and  development  of  the  signal  processing  hardware. 

( Many  competing  signal  processing  approaches  arc  available  for  consideration, 
and  thus  a  trade-off  analysis  must  be  performed.)  The  signal  proce<  =ig 
hardware  should  then  be  tested  and  analyzed  for  system  performar.vc 


10.0  RECOMMENDATIONS 

1.  Develop  miniature  hi  antennas  tor  aircraft  active,  passive, 
narrowband  tunable,  and  broadband 

2.  Perform  research,  using  a  mathematical  modeling  antenna 
approach,  to  determine  optimum  locations  for  coupling  antenna  elements 
to  the  different  current  modes.  Also,  determine  the  best  antenna  elements 
to  excite  the  different  modes  for  the  different  applications.  The  applications 
are  polarization  diversity,  mode  and  antenna  pattern  averaging  diversity, 
beam  steering,  and  null  steering 

3.  Perform  research  to  determine  the  feasibility  of  hf  adaptive 
arrays  to  be  used  for  diversity  (pattern,  polarization,  and  mode  averaging), 
antijam.  and  antiinterccpt. 

4.  Conduct  a  requirements  functional  analysis  and  systems  per¬ 
formance  analysis  to  determine  which  signaHwocessing-technique/antenna- 
sy stem-approach  pair  is  optimum  to  meet  the  functional  requirements. 

5.  Develop  a  prototy  pe  antenna  system  to  install  on  an  aircraft 
to  interface  with  the  selected  signal  processing  approach. 

6.  Develop  a  performance  simulation  model  of  the  adaptive  phase 
equalizer/predetection  combiner.  Evaluate  the  results  and  make  recom¬ 
mendations. 

7.  Implement  majority  voting  approaches  in  cases  in  which  ex¬ 
tremely  low  error  rates  and  high  time  availabilities  are  desired,  particularly 
if  shore  station  transmission  diversity  is  available. 
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